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ABSTRACT

The Application Protocol Information Base (APIB) is an on-line
repository of documents for theStandard for theExchange ofProduct
model data (STEP, officially ISO 10303—Product Data Representation
and Exchange). Document types in the APIB include STEP Application
Protocols and Integrated Resources. Application Protocols are standards
that are intended to be implemented in software systems, and Integrated
Resources are used by them as building blocks. Application Protocols
and Integrated Resources are represented in the Standard Generalized
Markup Language (SGML) in the APIB in order to facilitate efficient
information search and retrieval. This paper describes a World Wide
Web gateway to the APIB, implemented using the Common Gateway
Interface (CGI) standard. The APIB gateway allows STEP developers to
efficiently search for ISO 10303 standards and supporting information.
The only client software required to use the APIB gateway is a third
party web browser.

NOMENCLATURE

AP ApplicationProtocol. STEP standard intended to be imple-
mented in software systems.

APIB ApplicationProtocol InformationBase. Central infor-
mation repository for developers and users of STEP
standards.

CGI CommonGatewayInterface. Standard for interfacing ex-
ternal applications with web servers.

1The material in this paper was originally published as technical report NIS-
TIR 5868 (1996) by the National Institute of Standards and Technology. The text
contains modifications in response to ASME reviewer comments and to changes
in the subject matter over the last year and therefore supersedes NISTIR 5868.

DTD DocumentTypeDefinition. Specifies the element struc-
ture of an SGML document.

EXPRESS Information modeling language for STEP.
IR IntegratedResource. STEP standard specifying reusable

components for building APs.
SGML StandardGeneralizedMarkupLanguage. Describes the

structure of documents for use in text processing appli-
cations.

STEP Standard for theExchange ofProduct model data. De-
scribes product data throughout the product’s life cycle
in a computing platform-independent manner.

1 BACKGROUND

STEP(ISO1), theStandard for theExchange ofProduct
model data, specifies a description of product data throughout the
product’s life cycle in a computing platform-independent man-
ner. An Application Protocol (AP) in STEP defines the informa-
tion requirements for a particular area of design, manufacturing,
engineering, or product support. APs provide a neutral repre-
sentation for sharing product data among dissimilar software ap-
plications. Each STEP Integrated Resource (IR) defines a set
of re-usable constructs that serve as building blocks for devel-
oping APs. These constructs are specified using an information
modeling language calledEXPRESS(ISO11). APs are developed
according to a rigorous methodology(Palmer and Gilbert, 1996)
dictated by the STEP community. The end result of this devel-
opment process is a standards document that specifies the AP’s
requirements and a technical solution for data exchange that uses
STEP technology.
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The STEP community is international in scope and includes
participants from numerous industries and research institutions.
Over twenty-five nations and more than 200 companies are cur-
rently involved in developing STEP. A typical STEP AP team
has four or more people, typically not all working for the same
company or even living in the same country. It takes this team,
on the average, a year and a half to produce an initial AP specifi-
cation for a typical engineering function. Thus AP development
is both time-consuming and expensive.

There are two principal reasons why AP development is so
cumbersome. One reason is the geographical and organizational
dispersion in the STEP community. The other is the lack of an in-
tegrated STEP-tailored software environment for AP developers.
To address these issues, NIST is building an Internet-accessible,
integrated software tool suite in order to accelerate the AP devel-
opment process and to improve AP quality. This software envi-
ronment uses a central information registry, the AP Information
Base (APIB)(Lubell and Phillips, 1996).

The APIB is an on-line repository under development at
NIST for users and developers of STEP. The APIB currently con-
tains only STEP IRs. When it is complete, the APIB will also
contain portions of APs as well as additional information use-
ful to the STEP community such as schedules, issue logs, and
issue resolutions. The APIB’s contents are indexed for efficient
access using a text retrieval engine(Open Text, 1994). Each doc-
ument in the APIB is stored in its native format. Translation for
viewing or publishing purposes is done on demand. APs and
IRs are represented in the Standard Generalized Markup Lan-
guage(ISO8879)(Goldfarb, 1992), a language for describing the
structure of documents for use in text processing applications.
AP and IR documents are marked up using SGML document
type definitions (DTDs) that have been developed specifically
for the requirements of STEP(Lubell and Phillips, 1996). Other
documents will be represented as plain ASCII text, or in SGML
using DTDs less complex than those for APs and IRs. The text
retrieval engine uses the SGML markup in the APs and IRs to in-
dex their data. Thus users can issue queries to the APIB referring
to the SGML structures specified for STEP.

This paper describes a World Wide Web interface to the
APIB. This implementation makes use of the Common Gate-
way Interface (CGI) standard for interfacing external applica-
tions with web servers(Berners-Lee and Connolly, 1995). CGI
scripts generate HTML dynamically in response to requests for
web pages. The APIB gateway uses HTML forms to obtain in-
put data from the user. The input is then processed by the APIB
gateway’s CGI scripts. The APIB gateway provides APIB ac-
cess services to STEP AP developers through their web browser
software, eliminating the need for AP developers to install APIB
client software. It also eliminates the need for NIST to build
and maintain separate APIB user interfaces for multiple com-
puter platforms.

APIB

SGML-to-HTML
Translator

CGI Scripts for
APIB Access

Server

Web
Browser

Web
Browser

Client

Figure 1. ARCHITECTURE OF THE APIB GATEWAY.

2 ORGANIZATION OF THE APIB GATEWAY

The APIB gateway provides an interface between a user’s
web browser and the APIB’s data access services. This interface
consists of a collection of CGI scripts implementing various data
access services and an SGML-to-HTML translator for STEP as
shown in Figure 1. Each CGI script answers a particular type of
user request. The requests are issued by means of entering in-
formation in a form and pressing a button to submit the request.
The CGI script triggered by the form issues a query to the APIB
and, using the query result, generates a new HTML page to dis-
play to the user. The new HTML page typically contains another
form soliciting user input. The sample user session in Section 3
illustrates the relationship between forms, scripts, and the APIB.

The SGML-to-HTML translator is used to convert SGML-
tagged data from the source documents in the APIB into HTML
so they can be displayed in a web browser. The translation is
only necessary for query results containing actual text from the
APIB documents. If the query result does not contain an actual
piece of the document (for example, the result could be a list of
object names satisfying the query), then the CGI scripts generate
HTML output without use of the translator. The bidirectional ar-
row between the CGI scripts and the APIB and the unidirectional
arrows from the APIB to the translator and from the translator to
the CGI scripts in Figure 1 indicate this conditional use of the
translator.

3 APIB GATEWAY SERVICES

Two services currently supported by the CGI scripts in Fig-
ure 1 are an APIB browser and an IR Query interface. The
browser provides a way for the user to view STEP documents
using context-sensitive hypertext links. IR Query permits users
to search for certain object specifications in the IRs by specify-
ing a name substring. Both services take advantage of the APIB’s
ability to perform structured searches using SGML. The rest of
this section shows how these services work through sample user
sessions. The reader should note that the APIB browser and IR
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Figure 2. FORM FOR CHOOSING IR TO BROWSE.

Query interface use only a small subset of the APIB’s search ca-
pabilities. New services performing other kinds of searches can
be easily implemented using the existing APIB gateway infras-
tructure.

3.1 The APIB Browser

Since IRs contain re-usable building blocks for construct-
ing APs (as was discussed in Section 1), STEP AP developers
frequently need to search existing IR documents for informa-
tion relevant to their industrial application. These documents
have traditionally been available in paper form or electronically
as PostScript, ASCII, or word processor-specific files. None of
these formats provide a convenient way for AP developers to
search for concepts across all of the existing IRs. They also fail to
represent the IR document structure or the relationships between
EXPRESS constructs in the IRs. Therefore, the traditional media
for disseminating IR documents are not very useful to STEP AP
developers. The APIB gateway’s browser provides a way of dis-
seminating IRs that should be far more useful to AP developers
than either paper or the usual electronic formats.

Suppose the user chooses to view IRs using the APIB
browser. A CGI script is invoked and generates a web page as
shown in Figure 2. This web page contains a form consisting of
a set of radio buttons for each IR in the APIB and aBrowse
button. This form allows the user to choose one of the IRs in the
APIB to browse. The CGI script obtained the part numbers and
titles of the IRs in the form by querying the APIB.

Now sup-
pose the user choosesPart 101: Draughting (ISO101)
and clicks theBrowse button. Another CGI script will generate
a web page containing a form (Figure 3) for choosing a section
of part 101 to browse. The form contains a collection of radio
buttons corresponding to the major sections of a STEP IR docu-

Figure 3. FORM FOR CHOOSING IR SECTION TO BROWSE.

ment. When the user selects a section title and clicksBrowse ,
a CGI script generates a web page containing the text of the IR
document section chosen. This is accomplished in the following
three steps:

1. The CGI script queries the APIB to retrieve the SGML doc-
ument portion containing the section’s text.

2. The SGML-to-HTML translator converts this raw SGML
data to HTML.

3. The CGI script uses the translated data to build a web page
containing the desired section text along with any necessary
forms, headers, and footers.

Note that this is the first time in the sample user session
where the SGML-to-HTML translator was used. Heretofore, all
of the APIB queries resulted in lists of names rather than raw
SGML data.

Suppose now that the user chooses
to view thedraughting element schema from part 101.
The resulting web page that gets generated represents the con-
tent of this schema. This web page begins with an EXPRESS
declaration for the schema. Figure 4 shows the EXPRESS decla-
ration for thedraughting element schema . This schema
contains external references to objects in three other schemas:
geometry schema , support resource schema , and
presentation definition schema . To make it easy for
the user to view these referenced schemas, the web page in-
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cludes a form next to the EXPRESS declaration with a pull-down
list containing the schemas referenced. These schema names
were obtained by querying the APIB for the schemas referenced
by draughting element schema . The user can choose a
schema name from the pull-down list and click a button to view
that particular schema.

In addition to an EXPRESS declaration, the web page con-
tains other documentation about the schema such as introductory
text, fundamental concepts and assumptions, and some defini-
tions of terminology used. These items (not shown in Figure 4)
correspond to subsections of the schema’s clause in the IR docu-
ment.

The bulk of the schema’s content, however, consists of the
types, entities, functions, and rules that make up an EXPRESS
model. The user can view any of the schema’s objects by select-
ing the object name from a pull-down list in a form on the web
page. Thedraughting element schema has entities and
types, but no rules or functions. Therefore, this schema has the
two forms for viewing objects as shown in Figure 5.

Suppose the user chooses
to view the entitydimension curve directed callout .
A CGI script generates a web page containing the portion of
the IR describing that entity. To obtain this information, the
CGI script issues an APIB query for the entity definition for
the entity named “dimensioncurvedirectedcallout”. Since
no two entities in STEP are allowed to have the same name,
the APIB query result is a single entity definition clause from
draughting element schema . Because the entity defini-
tion contains SGML-tagged text from the APIB, the query result
must be run through the SGML-to-HTML translator so it can be
displayed as a web page. Figure 6 shows the beginning of this
web page. The web page begins with a definition of the entity,
followed by a link to a figure, followed by an EXPRESS specifi-
cation (partially shown in Figure 6). Clicking on the figure link
spawns a viewer to view the graphic. The CGI-generated web
page also contains informative text not shown in Figure 6.

3.2 IR Query

STEP APs contain two classes of information models. The
first class represents the AP’s information requirements from a
user’s point of view. The second class describes the informa-
tion requirements from a system integrator’s point of view and
is represented as an EXPRESS schema. This EXPRESS schema
is created by selecting applicable constructs from the IRs and
specializing them as needed by creating additional attributes or
adding new constraints(Barnard et al., 1996). Mapping the con-
cepts from the user’s view to the appropriate IR constructs is a
challenging task for AP developers because it requires consider-
able study and understanding of the IRs. The APIB gateway’s IR
Query interface provides a way to quickly retrieve IR constructs
by specifying name substrings, thereby helping AP developers

Figure 7. FORM FOR ISSUING AN INTEGRATED RESOURCE QUERY.

Figure 8. GENERATED WEB PAGE PROVIDING FORM FOR CHOOSING

A QUERY RESULT TO VIEW.

meet this challenge.
The form for issuing an Integrated Resource query, shown in

Figure 7, contains a pull-down list of object types and a text en-
try field for specifying a search string. The object types available
areschemas , entities , types , rules , andfunctions .
Suppose the user is looking for an entity in the IRs to match a par-
ticular requirement, say a concept involving some kind of dimen-
sion. The user choosesentities from the pull-down list, en-
tersdimension as the search string, and presses theSearch
button. The IR Query form’s CGI script issues a query to the
APIB for all entity definitions where the entity name begins with
“dimension”. It then uses the query result to build a web page
containing a form from which the user can choose an entity defi-
nition to view from a pull-down list of all the entity names. This
web page, shown in Figure 8 also contains a link back to the IR
Query form in case the user is unsatisfied with the list of results
and wants to make another query.
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Figure 4. PORTION OF SCHEMA WEB PAGE SPECIFYING EXPRESS DECLARATION.

Figure 5. FORMS FOR CHOOSING ENTITIES AND TYPES FOR DRAUGHTINGELEMENTSCHEMA.

If the user chooses an entity name from the pull-down list
on the form in Figure 8 and presses theView ENTITY button,
the same CGI script that created the entity definition web page
in Figure 6 will create a web page for the entity chosen. At that
point, the user will be in the APIB browser and can proceed in
the same manner as if she had obtained the entity definition web
page through pure browsing. Similarly, a user can use IR Query
as a shortcut to a schema, type, function, or rule web page.

3.3 Other APIB Gateway Features

Section 3.1 illustrated how users can view the APIB con-
tents at a very high level as collections of document types, choose
a particular document type (IR), then view a specific document
(part 101), and then view individual portions of that document.
Using a tree metaphor for the APIB, one can think of this as start-
ing at the root node and traversing the APIB’s search space by
visiting successively higher leaves. Just as important is the abil-
ity to navigate backwards, that is from a more specific view of
the APIB contents to a less specific, higher level one. For exam-
ple, a user viewing a schema object might want to go back to the
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Figure 6. BEGINNING OF WEB PAGE FOR ENTITY DIMENSIONCURVEDIRECTEDCALLOUT.

schema web page and choose another object from that schema, or
a user might want to look at an IR’s scope after viewing a schema
from the IR. In order to facilitate traversal from a narrower, more
detailed view to a broader, less detailed view, all of the web pages
generated by the APIB Gateway’s CGI scripts contain buttons
near the bottom of the page for context. These buttons provide
hyperlinks from the current web page to all nodes in the APIB
leading up to the root node. When a user clicks on a context
button, an APIB query is issued to generate the appropriate web
page. Although users can, in many cases, use their web browser’s
cache as a more efficient alternative to the APIB’s context but-
tons, there are times when context queries are unavoidable. For
example, if the current web page was obtained by choosing a
name from a list of IR Query results, then the user would have
no choice but to use the context buttons.

As an example of context buttons, consider the web page for
the entitydimension curve directed callout . Figure
6 showed the beginning of this web page. Figure 9 shows the
context buttons for this web page. The first button provides a link
to the schema containing this entity. The second button links to
the entity’s IR part. The third button links to the web page for
choosing from among the IRs.

Another capability is the ability to extract raw SGML text
from the APIB. Since STEP AP developers re-use IR constructs

Figure 9. CONTEXT BUTTONS FOR ENTITY

DIMENSIONCURVEDIRECTEDCALLOUT.

as building blocks, they need to have a way to include portions
of IR documents in their AP. For example, suppose an AP de-
veloper building an AP’s EXPRESS schema wants to use the en-
tity dimension curve directed callout . Rather than
rewrite an
entity definition, the AP developer can obtain the SGML source
for dimension curve directed callout ’s web page by
clicking on aView SGML Source button on the web page. A
CGI script is then invoked which produces a web page contain-
ing the raw SGML for the entity definition. The raw SGML data
for the web page shown in Figure 6 appears as follows (middle
portion omitted):

<entity.description>
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A dimension curve directed callout is a draughting
callout directed by a dimension line to a presented
element of the product shape.
<note.group>
<note.in.group linkid="note">

.

.

.
</note.group>
<figure object="p101fig7" caption=
"Dimension curve directed callout">
</entity.description>

The AP developer can then write the raw SGML to a file by using
the web browser’s “Save” command2.

4 APIB GATEWAY IMPLEMENTATION

Figure 10 illustrates the underlying architecture of the APIB
gateway. SGML databases of STEP IRs and APs are indexed
for use with the APIB’s text retrieval engine. Application com-
ponents (the CGI scripts) communicate with these databases
through a Tcl(Ousterhout, 1994) binding that insulates the ap-
plication components from the search engine’s internals. Tcl
was chosen as a programming language because it is flexible,
portable, easy to use, and several Tcl extensions useful to the
APIB had already been implemented. The Tcl binding has both
generic and STEP-specific components. The generic component
contains a Tcl extension(Lubell, 1995) for tokenizing and scan-
ning output from the APIB’s search engine as well as Tcl com-
mands for opening and closing databases and issuing queries.
The STEP-specific component contains Tcl commands for per-
forming queries specific to the STEP DTDs. The APIB gate-
way’s CGI scripts are also written in Tcl and use a CGI library
for generating HTML and passing data from HTML forms to
CGI scripts(Libes, 1996).

An APIB gateway CGI script has three basic tasks to per-
form. First, it must assemble all of the input data. Some of this
input data is entered in HTML forms by the user. Other input
data is state information which must be passed to the script be-
cause HTTP(Berners-Lee et al., 1996), the communication pro-
tocol used by web servers and clients, is stateless. Each HTTP re-
quest/response chain has no knowledge of previous HTTP com-
munications. Therefore, it is up to the APIB gateway implemen-
tation to keep track of any necessary history information. Fortu-
nately, HTML provides a way to accomplish this using HIDDEN
fields in forms. HIDDEN fields contain values that get passed to
CGI scripts, but they are invisible to the user. The CGI Tcl li-
brary includes commands for manipulating data from HIDDEN

2SGML reuse would be improved if users could review the SGML, leave a
pointer to it, and invoke a copy at AP publication time. This would require main-
taining a table of pointers on the APIB server for each user. These tables could be
maintained in a manner similar to the method the NIST EXPRESS Server(Libes,
1994) (see Section 6) uses to maintain users’ private directories.

Database
IR

Database
AP

SGML Search Engine
...

Applications

Tcl Binding

Figure 10. UNDERLYING APIB ARCHITECTURE.

fields. The use of these commands is not discussed in this paper,
but it is documented in (Libes, 1996).

The second task an APIB gateway CGI script must per-
form is to query the APIB for the information it needs. This
is done in the CGI script that generated the web page for
dimension curve directed callout as follows:

start_pat
set qresult \

[express_definition [set $expitem] $expabbrev]
if {![info exists irsec]} {

set irsec \
[schema_name [set $expitem] $expabbrev]

if {![info exists ir]} {
set ir [lindex [part $irsec] 0]

}
}
quit_pat

This code uses several commands from the Tcl extension
for controlling and making queries toPat(Open Text, 1994),
the APIB’s search engine. start pat starts up Pat and
sets up a communications pipeline between Pat and the APIB.
quit pat exits Pat and closes the communications pipeline.
express definition , schema name, andpart are com-
mands which perform APIB queries.express definition
returns the raw SGML text from the APIB describing a schema
object.schema name returns the name of the schema to which
the object belongs.part returns a schema’s STEP part name
and part number. All of these APIB Tcl commands make use of
the Tcl extension for tokenizing and scanning output from Pat.

If this CGI script was invoked by means of the user clicking
a “View” button on a form from a schema web page (as in Figure
5), $irsec and$ir will contain whatever query result values
they were assigned in the schema web page’s CGI script. On the
other hand, if this CGI script was invoked though the IR Query
form (see Figure 7),$irsec and$ir will be undefined because
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IR Query’s CGI script does not compute these values. Therefore,
the Tcl code above tests to see if these variables are undefined
and, if they are, queries the APIB to obtain the schema name and
part number.

The argument
[set $expitem] passed to theexpress definition
andschema name commands specifies the name of a schema
object. $expitem has as its value the schema object type
and contains one of the following four strings: “entity”, “type”,
“function”, “rule”. Its value is determined by the context un-
der which the CGI script is invoked. This value is used to con-
struct the name of the SGML element to pass to Pat. In the case
of dimension curve directed callout , $expitem ’s
value is “entity”, and[set $expitem] ’s value is “dimen-
sion curvedirectedcallout”.

The CGI script’s third and final task is to create a web page
using the input from forms and the APIB query results. Much
of this involves using Tcl commands in the CGI library for cre-
ating HTML elements such as headings, paragraphs, forms, and
so on. However, the CGI script must invoke the APIB gateway’s
SGML-to-HTML translator in order to convert the raw SGML
data in$qresult into HTML.

The translator is implemented using NSGMLS(Clark), an
SGML parser, and SGMLSpm(Megginson), a perl(Wall et al.,
1996) class library for processing the output from NSGMLS.
NSGMLS validates the SGML data and converts it into a format
which a structure-controlled conforming SGML application can
act upon. An application of SGMLSpm called “sgmlspl” uses
the output from NSGMLS to build a set of objects representing
the structure of the SGML data as defined by its DTD. sgmlspl
takes as a second argument a specification file. The specification
file used for the APIB gateway contains perl instructions for con-
verting every SGML construct that can appear in an APIB query
result into HTML. This specification file, although fairly long,
was simple to write. The following excerpt from the specifica-
tion file shows how the ENTITY.DEF element from the DTD is
translated to HTML. When the translator encounters the begin-
ning tag for ENTITY.DEF, it obtains the value of ENTITY.DEF’s
NAME attribute and outputs an HTML heading with the name of
the EXPRESS entity. The translator performs no action when it
encounters ENTITY.DEF’s ending tag.

sgml(’<ENTITY.DEF>’, sub{
my ($element,$event) = @_;
my ($entname) = $element->attribute(NAME)->value;
output "<h1>ENTITY " . $entname . "</h1>";

});
sgml(’</ENTITY.DEF>’, "");

The following Tcl procedure,render html , invokes the
translator and returns the HTML-tagged result.render html
takes three arguments: the raw SGML data to be translated, an ar-
gument used to identify the SGML document type, and the name

of the raw SGML data’s top level element. For example, to gen-
erate HTML fordimension curve directed callout ’s
entity definition,render html would be called with the entity
definition’s SGML fragment (obtained by querying the APIB),
ir , andENTITY.DEF .

proc render_html {qresult parttype doctype} {

# Uses an SGML parser, the SGMLSpm perl library, and an
# sgmlspl spec file to translate raw SGML data to HTML

global env

# get the SGML declaration

set f [open $env(SGMLDEC)]
set sgmldoc [read $f]
close $f

# append the appropriate DTD fragment to the SGML
# declaration.

append sgmldoc "<!DOCTYPE $doctype \["
if {[string compare $parttype ap] == 0} {

append sgmldoc "<!ENTITY % apdtd PUBLIC "
append sgmldoc "\"-//NIST//DTD Publish - "
append sgmldoc "STEP Application Protocols "
append sgmldoc "V 2.1//EN\">"
append sgmldoc "%apdtd;"

} else {
append sgmldoc "<!ENTITY % irdtd PUBLIC "
append sgmldoc "\"-//NIST//DTD STEP Integrated "
append sgmldoc "Resources V 2.1//EN\">"
append sgmldoc "%irdtd;"

}
append sgmldoc "\]>"

# append query result to SGML declaration and DTD,
# parse the whole thing, and pipe the Element
# Structure Information Set to sgmlspl.

append sgmldoc $qresult
safe_exec result $env(BIN_DIR)/$env(PARSER) \

<<$sgmldoc | $env(BIN_DIR)/sgmlspl \
./$env(TRANSLATOR)

puts $result
}

The bulk of the code inrender html assembles anSGML
documentto send to the translator. A complete SGML document
consists of the following:

� An SGML declarationdescribing basic facts about the di-
alect of SGML being used.render html reads in the
SGML declaration from a file.

� A DTD. In lieu of an actual DTD, SGML documents of-
ten contain a DOCTYPE declaration referring to an external
DTD. render html supplies a reference to either the IR
or AP DTD, depending on$parttype ’s value.

8 Copyright c 1997 by ASME



� The document instance. This is the document text marked
up according to the DTD. The document instance in
render html is the raw SGML data contained in the
qresult argument withQUERY.RESULTtags wrapped
around it.

The instruction beginning withsafe exec runs the SGML
document through NSGMLS and pipes the output to sgml-
spl. $env(TRANSLATOR) is the sgmlspl specification file.
safe exec , a wrapper for theexec Tcl command, saves the
result in the variableresult and catches any error codes.

5 RELATED CGI APPLICATIONS

The APIB gateway has two principal characteristics setting
it apart from most other CGI applications:

� It serves a group of individuals developing, maintaining,
and implementing an international standard, namely STEP.
This is noteworthy because standards developers tradition-
ally have had very little software support besides generic
tools such as word processors and electronic mail3.

� Its data is represented in SGML, and users can issue queries
referring to structures defined in its DTDs. Because the
STEP DTDs are highly detailed, the APIB gateway supports
a rich variety of structured queries and hypertext linking.

Two other CGI applications sharing some of the APIB gate-
way’s characteristics are the National Standards Systems Net-
work (NSSN)(Laskowski and Ramayya, 1995) and a gateway for
accessing humanities texts(Price-Wilken, 1994) from university
libraries. Another related project is the Digital Library Initiative
at the University of Illinois(Schatz et al., 1996).

5.1 The NSSN

The NSSN, like the APIB gateway, is a service for obtaining
standards information over the Internet. When completed, the
NSSN will provide an electronic infrastructure linking numerous
databases of standards resources throughout the United States.
An NSSN testbed implementation has been set up for develop-
ing and testing the concepts and technologies to be used in actual
NSSN production environment. The NSSN testbed currently al-
lows users to search collections of sample documents using ei-
ther the popular WAIS search engine or PRISE, a full text re-
trieval system being developed at NIST that uses fast and space-
efficient indexing and searching algorithms(Rogers et al., 1995).
Traditional text query languages have a syntax based on Boolean
logic. WAIS and PRISE, on the other hand, allow unstructured
natural language queries. The PRISE search engine uses a sta-
tistical ranking technique to retrieve the documents in the data

3Although standards bodies such as ISO and ANSI may have elaborate pub-
lishing systems, they are often unavailable to those who actually write the
standards.

set that best match the query. Studies have shown that users of-
ten get satisfactory results faster with an information retrieval
system supporting natural language queries with statistical rank-
ing than than they would using a Boolean-based system(Harman
and Candela, 1990). Efforts are underway to extend the NSSN
testbed implementation to automatically determine from a query
which standards database to search. The testbed’s developers
have also implemented a “web crawler” tool for maintaining and
indexing hyperlinks to standards resources on the web.

The NSSN and the APIB gateway are similar in that they
both provide a means for users to quickly obtain useful standards
information. They are different in their scopes and in their levels
of granularity. The APIB’s scope is limited to STEP while the
NSSN is general in nature. Unlike the APIB gateway, whose
architecture is tied to the STEP DTDs, the NSSN’s architec-
ture can accommodate any electronically available standards re-
source. However, the NSSN’s generality comes at a price. Be-
cause it does not assume any particular predefined structure for
its standards documents, its architecture cannot easily support
“STEP-centric” search interfaces such as the APIB Browser and
IR Query interface discussed in Section 3.

Full text search engines such as the PRISE system used
in the NSSN prototype could be useful in the APIB. PRISE’s
support for natural language queries can potentially provide an
attractive alternative to the SGML-structured queries supported
by Pat. For example, the APIB gateway allows users to search
for EXPRESS entities (or other schema objects) by specifying
a substring of the object’s name. It would be desirable if the
APIB gateway also allowed users to search for EXPRESS en-
tities by specifying a natural language description of the en-
tity. PRISE could match this query against each entity’s EN-
TITY.DESCRIPTION element (See the raw SGML sample in
Section 3.3 for an example of an ENTITY.DESCRIPTION el-
ement).

5.2 Gateway for Accessing Humanities Texts

A gateway for accessing humanities texts has been imple-
mented that, like the APIB gateway, provides a World Wide Web
interface for accessing information in SGML documents using
Pat as a retrieval engine. The documents include novels, poetry,
dictionaries, and other literary and reference works tagged in
SGML according to the Text Encoding Initiative’s (TEI)Guide-
lines for the Encoding and Interchange of Machine-Readable
Texts. This gateway is currently being used by the University
of Virginia library and the University of Michigan’s Humanities
Text Initiative for dissemination of texts to their respective uni-
versity communities and to the general public. The gateway’s
CGI scripts are written in perl.

This CGI application is similar in many ways to the APIB
gateway. Indeed, its development predates that of the APIB and
helped influence the APIB’s implementation. The differences be-
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tween the gateway for accessing humanities texts and the APIB
gateway stem mainly from differences in their respective DTDs.
Because the DTDs used for representing the humanities texts are
not as rich in SGML elements as the STEP DTDs, the possibili-
ties for structured queries available to users are not as extensive.
On the other hand, the TEI Guidelines specify sophisticated link-
ing mechanisms that support hyper-linking to and retrieving a
chunk of text even if the text is untagged in the document. One of
the ways this mechanism is being employed in the gateway is in a
CGI program that allows users to specify a range of line numbers
in a poem and generates a web page containing the text from the
lines specified(Michigan, 1996). This application of TEI link-
ing provides a convenient way for writers to cite passages in the
gateway’s texts.

5.3 The Digital Library Initiative

The US Digital Library Initiative (DLI) is a federal program
funding research at six universities to further the state of the art
in searching for and displaying selections from large, heteroge-
neous collections of on-line reference materials. The DLI project
at the University of Illinois is building a testbed for querying
multiple SGML repositories of scientific publications over the
Internet as if they were organized into a single collection. This
process of merging the diverse text collections into a single vir-
tual repository is called “federation”. Since the document col-
lections use different DTDs, the project uses a canonical DTD
based on the ISO 12083 Article Document Type Definition. Each
collection is translated from its original DTD into the canonical
DTD for indexing and retrieval. Pat is used as the search engine
for the federated repository.

The DLI testbed’s federation approach could be useful for
merging the APIB with other repositories of international stan-
dards. ISO has developed its own DTD for representing interna-
tional standards documents. This DTD could serve as the canon-
ical DTD for a federation of international standards collections.
However, because the ISO DTD is not specific to any of the col-
lections, an ISO-federated repository would not support searches
based on specific structures of any particular collection.

SGML-tagged
query results are displayed using Panorama(SoftQuad), a com-
mercial SGML viewer, rather than being translated to HTML for
display with a web browser. The DLI testbed’s implementation
includes a mapping between elements in the canonical DTD and
display styles used by Panorama. This mapping is analogous to
the APIB gateway’s SGML-to-HTML translator. Because query
results are displayed in their native SGML rather than in HTML,
they can include items HTML is incapable of representing such
as complex mathematical equations. Also, because Panorama
supports some of the HyTime(Fujitsu and TechnoTeacher, 1996)
international standard (ISO 10744), an application of SGML de-
scribing the structure of documents for use in hypertext and mul-

timedia applications, the DLI testbed can support a richer variety
of hyper-links between documents than an HTML browser alone
can support. However, users need to have HyTime-aware SGML
viewing software installed locally in order to use the DLI testbed.

In addition to the testbed, the University of Illinois DLI
project is conducting research in several other areas. These in-
clude integration of multiple query engines and information re-
trieval from digital libraries based on deep semantics4. Another
area of research is in techniques for keeping track of state infor-
mation for federated CGI applications. The University of Illinois
DLI project (along with the other DLI projects) has the poten-
tial to make a major contribution to the global infrastructure for
on-line information retrieval over the next several years.

6 THE FUTURE

The APIB gateway currently supports browsing and query-
ing of IRs and partial browsing of APs. It contains only a subset
of the initial release of STEP. There is a need both to expand
the collection of documents accessible through the APIB gate-
way and to provide a wider variety of services to users. The IRs
and APs currently available were converted into SGML manually
from documents originally written using commercial word pro-
cessing software. Efforts are currently underway to convert the
remaining legacy STEP IRs into SGML using the STEP DTDs.
Tagging the rest of the IRs in the initial release of ISO 10303 is
the highest priority. The next highest priorities are tagging IRs
that have attained Draft International Standard (DIS) status and
tagging the remaining APs in the initial release. In the mean
time, current AP developers are being encouraged to use a NIST-
supplied environment(Lubell and Phillips, 1996) for authoring
new STEP AP and IR documents in SGML. In the near future,
the APIB gateway’s functionality will be extended to allow users
to access more components of SGML-tagged STEP IRs and APs.
This will require extending the APIB’s data access services to
support information retrieval from additional portions of AP and
IR documents using the structures defined in the STEP DTDs.

Plans also call for expanding the scope of the APIB and the
APIB gateway to include documents created during AP develop-
ment that are separate from the STEP AP document. Examples of
these documents are issue logs, status summaries, and validation
reports. Error reports and enhancement requests resulting from
implementation experience may be included as well. These doc-
uments may not be represented in SGML but nevertheless will
need to be associated with elements in the SGML-tagged APs
and IRs in the APIB. Thus the APIB gateway will have to support
hypertext browsing between SGML and non-SGML documents.
More sophisticated linking mechanisms such as those specified

4This involves using natural language understanding techniques from artifi-
cial intelligence to semantically analyze the texts in the digital library and to
analyze queries.
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in the TEI Guidelines (Section 5.2) or in HyTime (Section 5.3)
may be desirable for this purpose.

In addition, efforts are underway to provide users with ac-
cess through the APIB gateway to tools for creating EXPRESS
models. This will be done by providing a World Wide Web inter-
face to the NIST EXPRESS Server(Libes, 1994), a service that
allows users to run EXPRESS software tools remotely without
installing them locally. The EXPRESS Server currently uses
electronic mail for its user interface. Users send requests and
EXPRESS code to the Server as email. The output from running
an EXPRESS tool can then be emailed back to the user, or it can
be stored in the user’s private directory on the Server. Once the
EXPRESS Server is made accessible through the APIB gateway,
STEP AP developers will be able to build EXPRESS models re-
using IR constructs by querying the APIB for the desired con-
structs and feeding the results directly into an EXPRESS tool.
Among the tools available through the EXPRESS Server are an
EXPRESS syntax checker as well as a tool for converting an
EXPRESS schema with external references (see Figure 4) into
a self-contained EXPRESS model(Libes, 1993). This latter tool
is very useful for building the “system integrator’s view infor-
mation model” discussed in Section 3.2 because this EXPRESS
model needs to be self-contained so that an AP implementor can
use it as a specification without having to refer to additional doc-
uments in ISO 10303.

7 CONCLUDING REMARKS

Section 1 mentioned that the APIB serves as the central in-
formation registry for an integrated software tool suite for AP
developers. This tool suite, the Application Protocol Develop-
ment Environment (APDE), is already having an impact on the
development and implementation of STEP APs. Portions of the
APDE that are presently operational are being widely used by
AP developers and implementors. For example, the EXPRESS
Server receives hundreds of requests per month for remote exe-
cution of NIST-developed tools, and use of the tools is resulting
in shorter AP development times(Sauder et al., 1994). Also, am-
biguities and inconsistencies in the STEP and ISO documenta-
tion guidelines have been exposed through the effort of develop-
ing the STEP DTDs(Lubell and Phillips, 1996). Since the STEP
DTDs provide a complete and unambiguous specification of AP
and IR document structure, AP and IR documents authored in
SGML will be free of the inconsistencies and documentation
guidelines violations that plague the APs and IRs in the STEP
initial release.

The APIB gateway provides a convenient way for AP devel-
opers to access the existing body of information in STEP. The
APIB gateway combines the representational power of SGML
with the ease of electronic delivery of HTML, resulting in an
easy-to-use system that is robust and extendible. It appears to
users as if they are “connected” to the APIB at all times. In real-

ity, they are only using APIB services during the brief intervals
between when they issue CGI requests through HTML forms and
when the APIB’s retrieval engine returns the data necessary to
generate a web page. Therefore, the APIB gateway can easily
accommodate many users at a time. As the variety and number
of items in the APIB continues to grow, the APIB gateway will
become an increasingly valuable resource to the STEP commu-
nity.

Additional information about the APIB and APDE is avail-
able at http://www.nist.gov/apde/ on the World Wide Web.

DISCLAIMER

Trade names and company products are mentioned in the
text in order to adequately specify experimental procedures and
equipment used. In no case does this identification imply recom-
mendations or endorsements by the National Institute of Stan-
dards and Technology, nor does it imply that the products are
necessarily the best available for the purpose.
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